Introduction
Wheat powdery mildew, caused by Etysiphe graminis f. sp. tritici is a widespread disease in temperate climates, occurring worldwide. The common wheat cultivar 'Amigo' carries a T1AL iRS wheat-rye chromosome translocation (Zeller & Fuchs, 1983) conferring resistances to wheat powdery mildew (Zeller & Hsam, 1983 ) and greenbug (Sebesta & Wood, 1978; Hollenhorst & Joppa, 1983) . In addition to the wheat-rye translocation, 'Amigo' has the stem rust and leaf rust resistance genes Sr24 and Lr24 that were derived from Agropyron elongatum .
Both genes are located on the whe at-A gropyron elongatum chromosome T1BU 1BS-3Ae ' 1L (Jiang etal., 1994) .
Wheat cultivars possessing the T1BU iRS wheat-rye translocated chromosome are more widely distributed in the world (Villareal et al., 1991) , and most of these cultivars express the resistance pattern of powdery mildew gene Pm8 (Heun & Fischbeck, 1987) .
However, powdery mildew resistance gene Pm8 derived from 'Petkus' rye in the T1BU iRS translocated wheat cultivars has already been overcome in Europe (Lutz et a!., 1992) The present study describes the transfer of the resistance gene Pm] 7 located on chromosome arm iRS of the T1AL iRS translocation from cv. 'Amigo' (Heun et al., 1990) to the T1BL iRS translocation.
The chromosomal constitution of the recombinant was verified by Giemsa C-banding, isoenzyme and storage protein electrophoreses.
Materials and methods
The cultivar 'Amigo' was provided by E. E. Sebesta Mildew resistance tests were carried out on segments of primary leaves of plants grown in a phytotron cabinet. The leaf segments were cultured in petri dishes on 6 g/L agar and 35 mg/L benzimidazole. The methods employed for inoculation of the leaf segments and disease assessment have been previously described by Zeller eta!. (1993) .
Plants with the powdery mildew resistance pattern of the cultivar 'Amigo' were screened cytologically and T1BL iRS translocation homozygotes selected employing the Giemsa C-banding method described by Giraldez et a!. (1979) . Chromosome pairing behaviour at meiosis between the T1AL iRS and T1BU iRS translocation chromosomes in the F2 populations was assessed by the standard Feulgen method.
Gliadin proteins were extracted from seeds using 55 per cent (v/v) isopropanol, and acidic polyacrylamide electrophoresis (A-PAGE) was conducted using predried gels as described by Hsam eta!. (1993) . Reduced glutenins were examined by sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) using 15 per cent predried acrylamide gels according to the procedure described by Westermeier (1993) . Glucose phosphate isomerase isoenzymes were studied using the procedure described by Chojecki & Gale (1982) .
Results
Selection of 'Helami-1O5 a derivative of 'Hellos 'X 'Amigo'
In the progeny of the F1 hybrids between the cultivars 'Helios' and 'Amigo' a total of 469 plants were analysed at the seedling stage for resistance to mildew isolates nos 2, 12, 13 and 16. The mildew resistance gene Pm8 from 'Helios' showed resistance to isolates nos 2 and 12, and susceptibilities to isolates nos 13 and 16. Gene Pm] 7 from 'Amigo' is resistant to isolates nos 13 and 16, but has intermediate response to isolates nos 2 and 12. Seedlings which possessed 'Amigo' resistance were further characterized by Giemsa-C banding for the presence of the T1BL iRS translocation. 'Helami-105' was characterized by the presence of GliAl located on lAS, identical to Gli-Al of 'Helios'; GliAl was absent in 'Amigo' (Fig. 2) . SDS-PAGE electrophoresis revealed that 'Amigo' possessed the high-molecular-weight (HMW) protein subunits 2*, 7 + 9, 5 + 10 and 'Hellos' subunits 1, 6 + 8, 5 + 10. The HMW subunits of 'Helami-105' were 1, 7+9, 5+10
indicating that 'Helami-105' inherited the complete 1A chromosome pair from 'Helios' and the gene coding for HMW protein subunits on the long arm of lB from 'Amigo'. w-gliadin encoded by Gli-Bi on lBS was not expressed in 'Helami-105' (Fig. 3) . The analysis of the Gpi-isozyme controlled by genes located on the short arm of homoeologous group 1 chromosomes confirmed that 'Helami-105' lacked the glucose phosphate isomerase isozyme gene Gpi-Bl located on lBS (Fig.   4 ).
Discussion
To identify accurately genes which are located on the same arm of a chromosome it is essential to use the
The Genetical Society of Great Britain, Heredity, 74, 497-501. proper differential pathogen isolates. In the present study the use of the four mildew isolates nos 2, 12, 13 and 16 which were simultaneously inoculated on four leaf segments of the same seedling allows the selection of gene Pm8 or Pm] 7. The disease response pattern of line 'Helami-105' combines the resistance of Pm] 7 of 'Amigo' and pm5 derived from 'Helios'. The presence of pm5 is corroborated by the response pattern to isolates nos 10 and 14 (Table 1) Amigo' could not be ruled out as Giemsa C-banding at eiosis had not been applied. The breeding of commercial wheat cultivars carrying the T1BU iRS translocation reported earlier (Zeller & Hsam, 1983 ) has now spread worldwide at the hexaploid level (Villareal et al., 1991) , and since the first transfer of the TIBU iRS into 4x-wheat (Friebe et a!., 1987) this translocated chromosome is also gaining importance in breeding programmes at the tetraploid level William & Mujeeb-Kazi, 1993 ). Thus the transfer of 'Insave' rye-derived powdery mildew resistance into the existing 'Petkus' rye-derived resistance cultivars opens up new possibilities for breeders to select for new sources of variation to combat powdery mildew and other pests and pathogens.
